Pressures on the Great
Lakes Ecosystem

Donna Myers
United States Geological Survey

Good morning. I’m DonnaMyers, withthe U.S. Geological Survey, and | am very
pleased to be here this morning and to speak toyou about the mgor pressures that
areimpactingthe ecolog ca health of the Great Lakes.



Major Pressures on the Great
Lakes

Non-Native Species
Toxic Contaminants
Excessive Nutrients
Physical Processes

Our assessment of the pressures being exerted on the Great Lakes is based on the
findings fromindicators. These indicators can be grouped into four main categories:
Non-native species; toxic contaminants; excessive nutrients; and physica
processes. Wewill takealook at severd indicators within each of the pressure
groups.



Cumulative Number of Non-native
Species Introduced since the
1830’s
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First, we' ll look a non-native species. Sncethe 1830s, there have been at least 146
non-native species introduced into the Great Lakes sysem; at least 63 non-native
aquatic animal species and at least 83 non-native plant species. M any of these
introduced species have been in the Great Lakes ecosy stem for many years and
have caused large changes. Familiar examples include the sea lamprey and its
effects on large predator fish like lake trout; dewife, ranbow smelt, river ruffe and
round goby al preyfish that comprise the diets of large predator fish, and the
common carp, that hasthe capacity to greatly degradeits loca environment making
it inhospitablefor native species. Recent invertebrate invaders that have entered the
ecosy sem include the spiny water flea, fishhook water flea, and of coursethe zebra
and quagga mussels. Examples of non-native plant species are Eurasian
watermilfoil and purple loosestrife. These plant gpecies which areworthless as
wildlif e food are competing with native species that are valuabl e as wildlife food.



Release Mechanisms for Non-

Native Species
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The main entry mechanisms for aquatic plants include ships dischar gng ball ast
water and solid bal last, from horticulture, and from aquariums. Even with recently
implemented voluntary and mandatory ballast exchange programs in Canadaand
the United States, new gpecies associated with shipping activities continueto be
reported. Additiond introductions of non-native pecies can be expected dueto
factors such as increasing global trade, the growth of aquaculture, and changesin
water quaity tha may make create hospitable conditions for the establishment of
non-native species. Recently the news mediahave reported that the Asian Bighead
carp, afish species that can patentidly disrupt the fisheries of the Great Lakes, is
poised and ready to invadethe Great Lakes, beingfound in the M ississippi and
Illinois Rivers, and just outside the Great Lakes basin in the Chicago Sanitary and
Ship Cand. Keepingthe Bighead Carp from invadingthe Great Lakes will require
ddiberate actions to prevent its erntrance into Lake M ichi gan through Chicago
waterways.



Sea Lamprey

Sea lamprey, shown here attached to aLake Trout, is one example of anon-native
species that has dtered the Great Lakes ecosy gem and that has resulted in the
expenditure of enormous amounts of time and money for its control. Sealamprey
predation, dongwith over harvesting of fish, resulted in the destruction of lake
trout populationsthroughout the Great Lakes. Asrecently as 1995, lake trout
restoration activities in northern Lake Huron were abandoned because so few lake
trout were survivingto maturity. The low survivorship was dueto atacks by sea

lamprey.



Lampricide Treatmen

In 1997, an integrated control strategy was initiated in the &. M ary s River, which
flows between Lake Superior and Lake Huron. Efforts include targeted application
of anew bottom-release lampricide (apesticidethat kills only lamprey), enhanced
trapping of spawninglampreys, and release of sterile-male lampreys. Resultsto
date are encouragng.



Sea Lamprey Trap

Inthe other Great Lakes, sealamprey populations exhibit year-to-y ear fluctuations,
but they are generaly much below their peak abundances. Active control programs
arerequired, however, to keep their numbers low enough for the survival of large,

desirabl e fish species.



Toxic Contaminants: How much is
In the aquatic food web?

Contaminants in:
young-of-year
spottail shiners
whole fish

colonial nesting
waterbirds

snhapping turtle
eggs

Let’s move on to contaminants.

We hav e seen information in Jan’ s presentation about contaminants in edibl e fish.
Now, | will relateto you additional information concerningtoxic contaminants in
other Great Lakes fish, birds and reptiles. These findings haveimplications for the
Great Lakes ecosy stem, and arerelevant to how contaminants can bioaccumulatein
thefood web from prey animals that are lower on the food web up to thetap
predators of the food web.

To gart this discussion | will briefly describethe history of use and release of some
of thetoxic contaminantsin relaion to ther current status and trends in fish, bird
€gos, and snappingturtle eggs. PCBs and DDE are the compounds we will discuss.



Organochlorine Pesticides

DDT
= > DDE, DDD

Hexachlorobenzene
Heptachlor epoxide
Dieldrin

Mirex

First | wart totel you abit about these contaminants. DDT is an organochlorine
pedicide. Widespread use of DDT began in 1939, peaked in the 1960s, continued
until about 1970, and greatly declined when usewas cancelled in 1972. DDT
degradesto DDE and DDD which dso are bioaccumulative, toxic, and highly
resistant to further chemica decomposition. Other organochlorine pesticides that |
will discuss and which behave in asimilar way to DDT, are hexachlorobenzene,
DDE, heptachlor epoxide, dieldrin, and mirex.



PCBs: organochlorine
compounds

= Found in Transformers
(as seen here)

PCBs are another class or or ganochlorine compounds that are complex mixtures of
as many as 210 passible variants (congeners). PCBs are constituents of various
industria products such as hydraulic fluids, electricd transformers (some of which
arestill inuseor in storage), plasticizers, compressor oils, textil e dy es, and waxes.
In 1979, the manufacture and import of PCBswere prohibited in the United States.
PCBs remaining in use are dmost exclusively found in closed sy stems such as
eectrica transformers. Sills and | esks, however, may result in releaseto the
environment. PCBs, like DDT are bioaccumulative, toxic, and highly resistant to
further chemica decomposition.

Lastly, we use many different units of measurein this presertation. M os can be
expressed as patsper billion or partsper trillion which is generaly the same as
concentration units of micrograms per gram (or partsper million) or nanograms per
gam (partsper billion). These units express the mass of a contaminants per unit of
body mass of an animd. That way, animals of diff erent wei ghts can be compared
directly.
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Contaminants in Y-O-Y Spottail
Shiners

PCB Levels inJuvenile Spottail Total DT Levels in Juvenile Spottail
Shiners from Lake Erie at Shiners from Lake Eie at
Leamington

MirexLevels in Juvenile Spottail
Shiners from Lake Ontario atthe
Credit River

Lowest on the food web of the fish pecies monitored for contaminants arethe
preyfish caled Spottail shiners. Spottail shiner minnows are common throughout
the Great Lakes nearshorewaters. Becausether range is limited, any contaminants
that accumulate in these fish are thought to be bioaccumulated from their locd
habitat over atime frame of severd months duringtheir first year of life. Young-
of-the-year gpottail shiners areused to monitor the relative amounts of toxic
contaminants in the nearshore waters and provide alink in the bioaccumul ation
chain to predators higher in the food web. The concentrations of toxic contaminants
in juvenile forage fish should not pose arisk to fish-eatingwildlife. Guidelines for
contaminant concentrations in fish have been established for the protection of fish-
eatingwildlife. The guiddinefor for chlordane is 500 ng/g, for HCB is 330 ng/g,
for totd DDT(DDT and its break-down products) is 200 ng/g, PCBs and HCH is
100 ng/g, for octochlorostyreneis 20 ng/g,, and for mirexis 5 ng/g.

In each of the Great Lakes, PCBs were the contaminants most frequently foundto
fail the quiddine. Totd DDT is often detected and dthough the quiddinewas
exceeded in the past, recent concentrations arewe | below the guiddine. Mirexis
detected only in Lake Ontario, where it exceeds the guideline. Trends in each of the
Lakes for these toxi c contaminants have been downward since the initiation of
sampling in the mid to late 1970s.
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The concentration of contaminantsin large, wide-rangngfish like Lake Trout can
likewise indicate the relative availability of thetoxic contaminants in the food web
on the scale of awhol e lakes or sub-lake basin. To increase our ability to follow
year-to-year trends, fish of similar age or size are used in the monitoring programs
in both theU.S and Canada. Herewe seethelong-term trends in the concentration
of PCBsin wholelaketrout. For the information display ed here, data-coll ection
began in 1977 for Lake Ontario, in 1980 for Lakes Superior and Huron, and in 1985
for Lake Erie. Datafrom Lake Ontario shows generally decliningleves of tota
PCBs over timein Lake Trout. (Nate that the concentration scae on they-axis for
Lake Ontario is higher than for the other lakes.) Thereis some question about

recent years, during which the declining trend does not appear to be continuing. The
trends for the other lakes are likewise downward athough more variable fromyear
toyear than in Lake Ontario.
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PCBs in Lake Michigan Whole Lake Trout
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Smilarly, for Lake Michigan, the avail abl e data extend back to 1972, during which
timethe Great Lakes were likely to bethe most highly contaminated with PCBs and
other chemicals than at any other time. PCB leves have declined consistently from
1971 through 2000. Current PCB leves are gpproximately 8% of those found in
similarly sized fish in 1974, theyear with pesk concentrations. Likewise, although
not shown here, current DDT levels are about 5% of those observed in 1972. Note
the scaeon they-axis for L ake Michigan is highest anongthelakes. DDT levels
aso have dropped (graphic not shown).
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PCBs in Lake Erie Whole Walleye
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In Lake Erie, walleye are the dominant top predator fish, but because their body
composition contains less fatty degposits than do laketrout, they tend to accumulate
fewer toxic organic chemicas. Snce 1977, PCB concentrations have generally
declined in walleye. There gppears to be an increasing trend from 1994 through

2000, but recent concentrations are about one-half what they werein thelate 1970s.
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PBDE Trends Lake Ontario
Lake Trout
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Lest we get theimpression that theproblem of toxic contaminants in the Great
Lakes has been resolved, or that it is not as importart as it oncewas, | would cdl to
your attention the emergingissue of PBDES, which stands for Poly -Brominated-
Diphenyl-Ethers. Theseareacl ass of compounds used in awide variety of
manufactured products, perhgps mog widely used as flameretardants. Like PCBs,
some PBDESs could be highly toxic (wearen’'t sureyet), and they are knownto be
bioaccumul ative and resistant to degradation in the environment.

A disturbingtrend is displayed here for the concentration of PBDEs in lake trout
from Lake Ontario. Samples of archived Lake Ontario whole lake trout,
representing the time period from 1978 through 1998 were analy zed. Leves
increased from 3 ng/g lipid in 1978 to 945 ng/glipid in 1998. T here are 1,000
nanograms in apixpoypap so 1,000 ng/g is equivalent to 1 ug/g With that
conversion in mind, we can compare PBDEs in L ake Ontario Lake Trout to PCBs
in Lake Ontario Lake Trout and to Lake Trout in the other Great Lakes.
Comparatively, PBDEs are found in Lake Trout in Lake Ontario a about the same
concentrations as PCBs arefound in Lake Trout in three of thefive Great Lakes,
including Lake Ontario. Thisgves riseto additiona concerns for their gpparent
upwardtrends. This graph aso emphasizesthe importance of archived fish tissue
samples for reconstructing trends in emer ging contaminants.
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DDE in Herring Gull eggs, Toronto
Harbor, 1974 — 2001
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The Herring gull egg-monitoring program has provided researchers and managers
with another powerful tool to evauate change in contaminant concentrationsin
Great Lakes wildlife. Thelongterm datashow that concentrations of DDE, a
breakdown compound of DDT, has declined by more than 90% in Herring gqull eggs
from Toronto Harbor since the program began tracking trendsin 1974. Smilar
trends have been observed in other Lakes for most contaminants whereby
contaminants have declined from 50 to 90 percent from 1974 to 2001.
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PCBs in Herring Gull Eggs, 1999
and 2001
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A comparison of the most recent data on concentrations PCBs in Herring Gull eggs
from sites across the Great Lake from west to east, showed that & 12 of the 15 sites,
concentrations of PCBs were lower or the same in 2001 (blue bars) compared to
1999 (red bars).
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PCBs in Herring Gull Eggs, 1999
and 2001

Higher concentrations in 2001 than in 1999 were found at coll ection sites on
Sagnaw Bay in Lake Huron, in the Detroit River, and in western Lake Erie. In
addition to PCBs, other contaminants assessed in this project included
hexachlorobenzene, DDE, heptachlor epoxide, 2,3,7,8 TCDD (dioxin), dieldrin and
mirex. Dioxin or 2,3,7,8 TCDD, is an organochlorine compound that is aprodud of
the combustion of plastics and similar materials or aresidue from paper

manufacturing.
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Total PCB concentrations (parts per
million) in Snapping Turtle eggs from
selected sites and years

] YEAR
1989-91 | 1998-99] 2001 |
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NVV A

003 [ o617 | | -

Cootes Paradise. Ontario 1 .3 15 3.5 75 2.956
Akwesasne. St. L awrence 0.869 3.946 6.373

Whil e other Great Lakes wildlife species may be more sensitiveto contaminants
than snapping turtles, compared to sngpingturtles, there are few other species that
areas long lived, as common year-round, that inhabit as wide avariety of habitats,
and yet arelimited in their movement between wetlands. Shappingturtles are aso
a thetaop of the aguatic food web and they bioaccumulate contaminants.
Comparing PCB levelsin turtle eggs from Great Lakes wetlands to areference
wetland not connected to the Great Lakes (Algonquin Park in Ontario), you can see
that contaminants in snappingturtle eggs from Gresat L akes wetlands were about 2
to 60 times higher than in thereference wetland. In addition, leves of PCBs and
DDE inturtle eggs from Cootes Paradise (on L ake Ontario) appear to have
increased si gnificantly from 1984 to 1990-1991. Also, an increasingtrend for PCB

levels was measured in turtle eggs from the Akwesasne wetlands from 1984 to
1998-99.
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Toxic Contaminants: How
much is in the environment?

= Contaminants in sediment cores
» Toxic chemical concentrations in
water

= Atmospheric deposition of toxic
chemicals

Having looked at the staus and trends of toxic chemicals in some of the
representative Great Lakes fish and wildlife, wewill now consider their presence in
the non-livingmedia, that is, in sediment cores, the open water column, and the
amosphere.

For this discussion we will use concentration units of micrograms per liter of water
(or partsper hillion) or nanograms per liter of water (partsper trillion). These units
express the mass of a contaminant per unit volume of water. For atmospheric
deposition, we will describe the concentration of contaminants in terms of
picograms per cubic meter (parts per trillion) and the deposition of contaminants (or
theloading) in terms of kilograms per year (the mass deposited annudly .)
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Sediment Quality Index (SQI)

Scores — 1997 Samples

Lake and Basin SQIl Score
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Scale: 0 = Poor, 100 = Excellent

A Sediment Quadlity Index has been developed based on metrics used in the recently
goproved Canadian Water Quaity Index. The metrics represent the concentration of
contaminants in sediments expressed as their potertia toxicity to battom dwelling
organisms. The concentration at which toxicity is likely to occur was taken from
quiddines developed to protect aquatic life. The SQI incorporates three eements:
Scope, that is, thepercentage of contaminants in asamplethat failed to meet
established guidelines; Freguency, that is, the fraction of samples expressed as a
percentage of the tota number of samples that failed to meet theguiddines a a
goup of sites; and Amplitude, that is, the magnitude by which the samples
concentrations were higher than the guidelines.

0-40 = poor
40-60 = marginal
60-80 = fair
80-95 = good

95> = excellent

From asurvey of sedimentsin the open waers of Lakes Erie and Ontario in 1997,
analy ses for 34 chemicals with guidelines were available for inclusion in the SQI
ca culations. Eastern L ake Erie scored excellent with a 95 score, whilethe Niagara
basin of Lake Ontario scored only fair with ascore of 67. Other basins were
assessed intermediat e between those two.
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SQI scores for Five Areas of

Concern in the U.S.

Buffalo River, NY
Erie

Saginaw River and Harbor, Ml

Michigan

Sheboygan River and Harbor, WI

Grand Calumet River / Indiana
Harbor, IN

Ashtabula River and Harbor, OH -
Erie 36

Scale: 0 = Poor, 100 = Excellent

When sedi ments representing open waters are compared with sediments
representing selected Areas of Concern intheU.S,, SQI scores were generally

lower in the Areas of Concern, indicating more contamination in those areas
compared to the open lake sediments. Scores ranged from 24.5 for the Grand
Caumet River/IndianaHarbor to 58 in Sagnaw River and Harbor. The only
excellent scorein an Areaof Concern was in the Buffdo River with a score of 93.2.
Some caution is warranted, however, because the datawere associ ated with samples
collected in 1987 to 1989.
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Dieldrin (pesticide) concentrations in
Great Lakes Waters 1997 - 2000
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Now weturn our atentionto concentrations of contaminants in water. M any of the
sametoxic chemicals that we have been discussingin fish, wildlif e, and sedi ments
arealso present in Great Lakes water. Asaresult of various ecosystem hedth
assessments, acomparatively smdl number of thesetoxic contaminants have been
identified as “ critica pollutants.” Organochlorine compounds comprising pesticides
and PCBs, severd of which are on various critica pollutant lists, have declined in
the Great Lakes in response to management efforts. Aerid concentration patterns
illustrate the wide-spread and localized nature of nature of some contaminants like
diddrin. Dieldrin, an organochlorine pesticide, was detected in water a dl open
lake and connecting channd sites. Concentrations throughout the Grest Lakes,
however, have decreased by more than 50% between 1986 and 2000, and ar e still
declining However, concentrations of dieldrin at some sites exceed New York
Sate swater quaity criterion for the pratection of human consumers of fish by a
factor of 50 to 300 times. Dieldrin (and adrin which degrades to dieldrin) were
some of the most widely used pesticides prior totheir cancellation for surface usein
1974. M ost remaining products were cancel led by 1987, the last product being
cancelled in 1991.

You have earlier seen dataon PBDEs in laketrout. Inthe open waters, thereare
aso concerns about endocrine-disrupting chemicals, pharmaceuticas, and in-use

pedicides.
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PCBs in atmospheric
deposition
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Lastly, wewill discuss concentration and deposition of toxic contaminants from the
atmospheretothelakes. The purpose of the atmogpheric deposition indicators areto
estimate the annua average concentrations, loadings, and trends in priority toxic
chemicals deposited from the aimosphere to the Great Lakes. This information
helps to determine the patentid toxic impacts from the atmosphere on human and
ecosy sem health as well asto track progress toward virtua eimination. M og of the
monitoring sites are located far avay from point sources such as cities and these
“master staions” represent regonal atmospheric deposition qudity, rather than the
guaity and amount of atmospheric deposition near cities.

The units of concentration used here are picograms per cubic meter or partsper
trillion. These units describe the mass of contaminant per unit volume of air

From 1991-92 to 2000, the concentrations of PCBs varies with a general downtrend
at most M ager staions. M o naticable, are concentrations of PCBs at the site near
Chicago. These concentrations are about 10 times higher than at the regiona sites
(notethelogscale). This indicates that amospheric deposition near cities like
Chicago may be much greater than is atmospheric deposition away from cities.
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Atmospheric Concentrations of
Hexachlorocyclohexane
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Like PCBs, adecreasingtrend is noted for concentrations of

hexachlorocy clohexane from 1991-2000 in dl the Great Lakes. HCHs are
organochlorine pesticides and there are four isomers, one of whichislindane. There
aestill afew active uses of lindanefor head lice and to treat seeds, and therefore,
there are active sources to the environment.

Trends in other contaminants like trace metals are mixed, with some metas
decreasingin concentration while others show year toyear variability. Residua
sources of PCBs remain intheUS Canada, and throughout the world. Other
contaminants such as PAHs and metas continue to be emitted.
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Atmospheric Deposition of Five
Organochlorine Compounds
(mass deposited per year)
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Now letslook at atmospheric deposition, or the mass of contaminants depaosited to
the Great Lakes per year. PCBs and organochlorine pesticides are hy drophobic, or
in other words, they don't dissolve very well in water and this affects ther
concentration and movement in the Great Lakes waters. These contaminants can
easily transfer between water and air dependingon physica constants such as vgpor
pressure and on chemica concentration gradients between air and water. In this
gaph, the bars below the zero line indicate that the Great Lakes are loosing mor e of
acontaminant to the aamogphere than they are gainingfrom the atmosphere. A bar
abovethe zero line indicates that the Great Lakes are gainingmore of the
contaminant from the atmosphere than they areloosing to the atmosphere. This
occurs when the concentration in air is lower than that in water which happens after
the main sources to the air have been cut off and the air becomes “ cleaner” rel ative
tothewater.

From 1992-98, the tota amount of atmospheric deposition tothe Great Lakes Basin
from all five contaminants shown in this figure declined or more of the contaminant
was lost from the lakes than was gained. By 1998, positive deposition tothe lakes
of only p,p’-DDT and lindane were measured and the gain in DDT is amost
imperceptiblein this graph. Both PCBs and dieldrin are beinglost from the lakes
consistently each year from 1992-98 athough the amount of loss appears over time.
This may happen whenthe concentrations in the atmosphere and the concentrations
in the lake water are gpproaching equilibrium.
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Excessive Nutrients

= Phosphorus
concentrations

Lastly, wewill examinethe status and trends in phogohorus concentrations in the
Great Lakes. Phosphorus is aplant nutrient and stimulates the growth of algae and
other aguatic plants. Excessive amounts of phogphorus can result in what is called
“eutrophication” or the process of lake enrichment. Symptoms of eutrophication
include d gae blooms, unwanted growths of other aquatic plants, and fish kills from
the decay of these plants and subsequent loss of oxy gen in bottom waters of the
lakes (hy poxia or anoxia).

Totd phogphorus concentration is expressed in units of micrograms per liter which
isthe same as partsper billion. This is equivalent to the mass of phogphorus in each
liter of lakewater.
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The 1978 amendments tothe Great Lakes Water Qua ity Agreement established
goals for tota phogphorus concentrations in the Great Lakes. Lar ge amounts of
money have been expended to control the loading of phosphorusto the Great Lakes,
largely by reducing concentrations in wastewater and in agriculturd runoff. These
management actions have improved the lakes by reducing phosphorus
concentrations over time. The GLWQA aso established total phosphorus
concentration goas (guidelines) for each of the lakes and for the three subbasins of
Lake Erie (thewestern, centra, and eastern subbasins.) These guiddines arethe
concentrations, that if met, would keep nutrient enrichment at bay in the lakes. For
Lakes Superior and Huron the quiddineis5ud/L, for LakeMichiganit is 7 ugl,
for Lake Ontario and the central and eastern basins of Lake Erieit is 10 ug/L, and
for thewestern basin of Lake Erieit is15 uglL.

Thetota phogphorus quiddines for four of the five Grest Lakes are a or are below
the established guiddines in recent years. In Lake Eri€’ s western basin,
concentrations of tota phogphorus were much abovethe guidelinein recent years.
In the centrd and eastern basins of Lake Erie, total phosphorus concentrations were
more often above than below the guiddinein recent years. The U.SEPA-Great
Lakes Nationa Program Officerecently launched an investigation to determinethe
causes of the return of elevated tota phogphorus concentrations to Lake Erie as
reports of anoxic conditions in L ake Erie's centra basin have raised public
concerns for the health of thelake.
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Physical Processes

» Extent of hardened shoreline
» Effect of water level fluctuations

= Climate change - Ice on the Great
Lakes

Now let ustakealook at thefinal group of pressureindicators: Physica processes.

I will describethreetypes; extent of hardened shoreline, effect of water leve
fluctuations, and ice on the Great Lakes as an indicator of climate change.
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Extent of Hardened Shoreline
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This indicator assesses the extent of hardened shorel ine through the construction of
sheet piling, rip rap. Or other erosion control strudures. Shordine hardening not
only directly destroys naturd features, but aso disrupts biologca communities that
are dependent upon thetrangport of shoreine sedi ment by lake currents. Hardening
aso destroys inshore habitat for fish, birds, and other biota Among connecting
channels, the &. Clair, Detroit and NiagaraRivers have ahigher percentage of ther
shordlines hardened than anywhere ese in the basin. Of the lakes, L ake Erie hs the
highest percentage of its shordine hardened, and L akes Huron and Superior have

the lowest percentage.
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Effect of Water Level
Fluctuations
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The purpase of thisindicator isto examinethe historic water levelsin dl the Great
Lakes and comparetheseleveds and ther eff ects on wetlands with water levelsin
Lakes Superior and Ontario, where water leves have been regqulated since about
1914 and 1959, respectively. Naturaly fluctuatingwater levels are essential for
maintaining the ecologca heath of Great Lakes shordine ecosy stems, expecidly
coasta wetlands. The ecosy sem objective isto maintain the diverse array of Great
Lakes coastd wetlands by alowing, as closdly as possible, the naturd seasond,
annua, and decada fluctuations of Great Lakes water leves. The Great Lakes
shoredline ecosy stems are dependent upon naturd disturbance processes, such as
water leve fluctuations, if they areto function as dy namic systems. The biologca
communities that populate these coasta wetlands have responded to these dy namic
changes with rich and diverse assemblages of species.

Timeseries at FHsh Pant (east shore of Sag naw Bay, Lake Huron) from 1988
to 2000 showing the effects of fluctuating water levels on a coasta wetland.

Photo credits: Doudas A. Wilcox, U.S. Gedogica Survey
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Climate Change — Ice on the Great Lakes
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Now let’s ook at theindicator for climate change, “Ice on the Great Lakes.” This
indicator is used as apotentia assessment of climate change, particularly within the
Great Lakes Basin. Changes in water and air temperatures will influence ice
development on the Lakes, and in turn, affect coasta wetlands, nearshore agquetic
environments, and inland environments.

Datafrom ice charts were collected and analy zed to deermineif there has been a
change intheice cover of the Great Lakes. On adecadd scde, thereappearsto bea
decrease in the maximum ice cover per season over thelast thirty years, fromthe
1970'st0 1980’s tothe 1990's. Trendsshow that over thistime span, the maximum
amount of iceforming each year has been decreasing. B etween the 1970’ s and the
1990's, therews at least a10 percent declinein the maximum ice cover on each
lake, and dmost as much as 18 percent in some cases, with the greatest declines
occurringduringthe 1990’s.
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If the predictioins of gobal warming are true, we can expect increased winter air
temperatures and milder winters. This may lead to decreased ice cover. Milder
winters can have adrastic effect on how much of the lakes are covered with ice,

which in turn will have an eff ect on many aguatic and terrestrid ecosy $ems that
rely on lakeicefor protection and food acquisition.
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Pressure indicators that | have discussed are now summarized for you in rainbow diagrams.

Now we will evduae the state of the lakes In terms of pressures from non-native speci es and
physica processes.

The status of sealamprey indicaor is considered as mixed (Lake Huron) but overdl improving to an
acoeptabl e stete (the other Lakes).

Theindicator for aguatic non-native speci es is rated poor, indicating the ecosystem is severdy
negatively impacted and is without even minmaly acceptable conditions.

T he status of the dimate change in the Great Lakes as measured by ice cover is trending toward a
loss of ice cover, theindicator is gang inthe direction of deteriorating for al the Lakes.

Shordine hardening is generdly not reversible, so once a section of shoreline has been hardened, it
can be considered a permanent feature. As such, the current state of shoreline hardening likey
represents the best condition that can be expected in the future. Since we are unsure whether the rate
of hardening can be reduced or hdted, additiond hardening will dmost certainly continue, leading to
amixed deteriorating rating for the indicator.
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